INTRODUCTION
============

Influenza virus spreads with high infectivity via respiratory droplets and direct contact, resulting in winter outbreaks.[@B1] Influenza may cause systemic symptoms and respiratory complications, particularly in vulnerable persons including children younger than 5 years, adults older than 65 years, and patients with chronic cardiopulmonary diseases.[@B1] The World Health Organization (WHO) reported that three to five million cases of severe influenza occur annually with a mortality rate of 25--50%.[@B1]

Vaccination is necessary to control influenza, and the vaccination rate has risen steadily.[@B2][@B3] Considering the increasing medical cost and economic burden of influenza treatment[@B4] and the emergence of resistance against anti-viral agents,[@B5][@B6] influenza vaccination is the most cost-effective method for controlling influenza.[@B7][@B8] During the influenza pandemic of 2009, vaccine shortage occurred owing to the need to import raw material to manufacture the influenza vaccine. After this pandemic, chicken egg-based purified trivalent inactivated split influenza vaccine (TIV) was developed in Korea to supply safe and effective influenza vaccines through indigenous production.

A phase I clinical trial was conducted in healthy adults to evaluate the immunogenicity and safety of TIV. To precisely evaluate immunogenicity, subjects with high pre-existing HI titers (titer ≥1:40) were excluded at screening because a high pre-titer may influence the antibody response.[@B9][@B10]

MATERIALS AND METHODS
=====================

Subjects and study design
-------------------------

Phase I clinical trial was conducted at Seoul St. Mary\'s Hospital from September 19 to October 29, 2012. Healthy male subjects aged 20--55 years with weights (≥55 kg) within 80 to 120% of ideal body weight were recruited for screening. Subjects with no congenital or chronic underlying disease, no acute illness during the past four weeks, and no abnormalities on physical examination, laboratory tests, chest X-ray, and electrocardiography were eligible for enrollment. Exclusion criteria included: acute or chronic illness, hematologic disease, previous history of Guillain-Barre syndrome, allergic disorders including egg allergy, immune-compromised state, long-term medication history or evidence of heavy inebriation 2--3 days before administering the vaccination. Those with pre-existing titers of 1:40 measured by a hemagglutination-inhibition (HI) assay were also excluded.

Enrolled subjects were prohibited from drinking alcohol from 1 day before to 3 days after the vaccination, and recommendations were made to avoid smoking, caffeine, and foods containing grapefruit extracts until 28 days after vaccination. All subjects were evaluated for safety on days 1, 2, 3, 14, and 28 after the vaccination. Immunogenicity was evaluated on day 28 after vaccination (final visit).

Vaccine and vaccination
-----------------------

Purified TIV (egg cultivated, TIV, IL-YANG FLU Vaccine Vial INJ.) was administered in the deltoid muscle of the non-dominant arm. Each 0.5-mL dose of TIV contained 15 µg of hemagglutinin (HA) antigen prepared using Netherlands Vaccine Institute inactivation techniques. Antigens were A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2), and B/Brisbane/60/2009, as recommended to the Northern Hemisphere by the WHO in 2011--2012.

Immunogenicity
--------------

Serum specimens were collected at baseline and 4 weeks after immunization. Approximately 5 mL of blood samples were collected, allowed to clot for about 30 minutes in a vertical position and then centrifuged. The serum samples were stored at -60℃ or below until laboratory assays. Antibody responses were measured by HI assay at a dilution of 1:10--1:1280 according to established procedures at the central laboratory, the Vaccine Bio Research Institute of the Catholic University of Korea, Seoul, Korea.[@B11][@B12] Guinea pig red blood cells and standard antigens from the National Institute for Biological Standards and Control (NIBSC) were used for HI assay: A/California/7/2009 (H1N1) NYMC X-179A (09/146), A/Perth/16/2009 (H3N2) (12/112), B/Brisbane/60/2009 (08/352).

The primary immunogenicity end point was seroprotection rate (SPR), or the percentage of subjects with a post vaccination titer of ≥1:40. The secondary end point was seroconversion rate (SCR), or the percentage of subjects with a pre-vaccination titer of \<1:10 and a post vaccination titer of ≥1:40. The HI antibody responses were described by geometric mean titer (GMT) and geometric mean titer ratio (GMR). GMT is the anti-log of the arithmetic mean of log-10 transformed titers. The titers of anti-HA antibodies below the detection limit (i.e., \<1:10) were assigned a value of 1:5.

Safety and reactogenicity
-------------------------

All subjects were observed for 30 minutes for local and systemic reactogenicity and symptoms of immediate hypersensitivity following vaccination. Subjects received a diary card to record injection site reactions (pain, tenderness, redness, and swell-ing) and systemic adverse events up to day 7. All solicited and unsolicited local and systemic adverse events were recorded up to 28 days (days 8--28). The recorded events were classified according to MedDRA System Organ Class. Severity was recorded according to the U.S. Food and Drug Administration guidelines.[@B13] All adverse events were assessed by investigators and reported to the Data Safety Monitoring Board (DSMB) committee, which assessed and confirmed the causality relationships of all solicited and unsolicited adverse events.

For secondary safety assessments, vital signs were checked and laboratory examinations (complete blood cell count, routine urinalysis, and blood chemistry) were conducted on the day of injection, day 14 and day 28 (final visit).

Statistical analysis
--------------------

Safety analyses were performed at least once in all subjects who were vaccinated. The occurrence rates of solicited and unsolicited adverse events up to 28 days after vaccination were determined with 95% confidential intervals (CIs). They were analyzed according to age, history of disease, current medication, and use of long-term medication by using chi-square test or Fisher\'s exact test. Numerical values, such as vital signs and laboratory results, were measured before vaccination and 14 and 28 days after vaccination. The results were compared using paired t-test. The immunogenicity of the study vaccine was analyzed by comparing SPR, SCR, GMT, and GMR measured before and 28 days after vaccination.

Ethics
------

Investigators explained the objective, process and expected results of this study to all enrolled subjects and received their informed consent. This study was conducted in accordance with the principles of the Declaration of Helsinki, Good Clinical Practice. The Ministry of Food and Drug Safety of Korea and the Institutional Board Review of the Catholic University of Korea Seoul St. Mary\'s Hospital (KC12BDSF0520) approved the protocol. The clinical trial was registered at <http://www.clinicaltrials.gov> (NCT02111070).

RESULTS
=======

Subjects
--------

Among the 142 subjects who gave informed consent, 44 subjects were enrolled (98 screening failures). Ninety-one subjects were excluded because of a high pre-existing HI titer of 1:40 or more ([Fig. 1](#F1){ref-type="fig"}). The study vaccine was administered to all enrolled subjects. Among the enrolled subjects, one subject drop-ped out owing to consumption of a prohibited drug ([Fig. 1](#F1){ref-type="fig"}). The demographic and lifestyle characteristics of enrolled subjects are presented in [Fig. 1](#F1){ref-type="fig"}.

Immunogenicity
--------------

SPRs (primary immunogenicity endpoints) against A/California/7/2009 (H1N1), A/Perth/16/2009 (H3N2), and B/Brisbane/60/2009 met the CBER licensure criteria for influenza vaccines.[@B14] Among the secondary immunogenicity endpoints, SCRs for all the strains exceeded 70%. Mean GMRs ranged from 5 to 9 ([Table 1](#T1){ref-type="table"}). As full analysis set was identical to the per-protocol set, immunogenicity results were also the same.

Safety
------

A total of 25 solicited local adverse events occurred in 21 subjects (47.73%), consisting of 13 episodes (29.55%) of pain, 11 episodes (25.00%) of tenderness, and one episode (2.27%) of swelling. Of the solicited local adverse events, there were 24 mild events, one moderate event, and no severe events. Twenty-one solicited general adverse events occurred in 16 subjects (36.64%), including fatigue in 11 subjects (25.00%), headache in 5 subjects (11.36%), myalgia in 2 subjects (4.55%), and nausea/vomiting, diarrhea, and fever in one subject (2.27%). Of the solicited general adverse events, there were 19 mild episodes and 2 moderate episodes; the latter consisted of fever and fatigue ([Table 2](#T2){ref-type="table"}). All of the solicited adverse events, regardless of severity and generality, disappeared within 3 days without any intervention.

The number of unsolicited adverse events was 5 in 5 subjects (11.36%). There was one event each of cough, sore throat, rhinorrhea, laceration, and transient amnesia. There were no severe unsolicited adverse events. The laceration and transient amnesia were of moderate severity, and no causal relationship between the adverse events and the study vaccine was found ([Table 2](#T2){ref-type="table"}).

Vital signs including body temperature, pulse rate, systolic blood pressure, and diastolic blood pressure were compared before vaccination, and on day 14, and 28 after vaccination. The pulse rates were significantly different, although all the results were within the normal range ([Table 3](#T3){ref-type="table"}). Laboratory tests results before vaccination and on days 14 and 28 after vaccination showed no significant differences. One subject showed elevated aspartate aminotransferase (83 U/L, normal range: 14--40 U/L), γ-glutamyl transpeptidase (109 U/L, normal range: 9--85 U/L), creatine phosphokinase (10130 U/L, normal range: 26--200 U/L), and lactate dehydrogenase (1095 U/L, normal range: 250--450 U/L) levels on day 14. All the elevated levels spontaneously normalized on day 28, and causal relationships between the study vaccine and laboratory abnormalities were suspected. One subject showed elevated γ-glutamyl transpeptidase level on day 14, which normalized on day 28. However, because his γ-glutamyl transpeptidase level before vaccination was also higher than normal, a causal relationship with the study vaccine was not acknowledged ([Table 3](#T3){ref-type="table"}). All other test results were within normal range.

In this clinical trial, an independent committee (DSMB) evaluated the severity of all noted adverse events. Relationships between the adverse events and the study vaccine were based on solicited and unsolicited adverse events, vital signs, and laboratory test results. The DSMB concluded that the study vaccine did not have any safety problems.

DISCUSSION
==========

Although egg-cultivated inactivated influenza vaccine has been used since late 1930s, innate problems such as time constraints in the production cycle,[@B15] reproducibility issues,[@B16] and allergic reactions still remain. Mutation that may occur during viral growth in eggs has also been an issue.[@B17][@B18][@B19] Recently, cell-cultivated vaccines with efficacy and safety profiles comparable to those of egg-cultivated ones are available.[@B20][@B21][@B22] However, issues such as poor viral replication in Vero cells[@B23][@B24] or viral mutations[@B25][@B26][@B27] as in egg-based vaccines, adventitious viruses, residual cell line DNA protein,[@B28] high cost for plant construction and maintenance[@B29][@B30] need to be resolved before they may replace the egg-cultivated one. As well as the cell-cultivated influenza vaccines based on the recombinant subunit, virus like particle or live-vectors are being developed.[@B31][@B32][@B33][@B34][@B35][@B36][@B37] Their actual clinical efficacy, cost-effectiveness, and safety profiles in large populations through long-term use have not yet been established. Thus, chicken egg-cultivated inactivated vaccines which have verified effectiveness and trusted production processes, including selection of variants, manufacturing facilities, and regulatory oversight, still play an important role as seasonal influenza vaccines. [@B38]

The vaccine studied in this report (IL-YANG FLU Vaccine Vial INJ.) is an egg-cultivated vaccine with reduced manufacturing time and improved sanitation: the eggs were decontaminated by fumigation with the large-scale vaporized hydrogen peroxide incubating system on the day of production (0--day old eggs). After incubation for 10 days, eggs were screened using a large-capacity candling machine that allows rapid and accurate inspection to exclude unfertilized or faulty eggs. Techniques applied to accelerate the zonal ultracentrifugation and splitting steps also contributed to the reduction of the manufacturing time.

Among the 142 subjects screened in this clinical study, 44 subjects were enrolled. All the 44 subjects were evaluated for safety and 43 subjects were evaluated for immunogenicity using the full analysis set (one subject dropped out of the study).

In the per-protocol set, SPRs against A/California/7/2009 (H1N1) and A/Perth/16/2009 (H3N2) were higher than 70%, but the lower limits of their 95% CIs were lower than 70% ([Table 1](#T1){ref-type="table"}). However, the significance of these findings is not conclusive because there were few enrolled subjects. All SCRs were above 70% with the lower limits of their 95% CIs above 60% ([Table 1](#T1){ref-type="table"}). Such high SCRs were attributed to the inclusion of subjects with antibody levels lower than 1:40 only. The subjects with high pre-existing HI titers were excluded based on a known negative correlation between high titer and conversion rates.[@B10][@B39] Several studies have reported that annual vaccination or high pre-vaccination titer is negatively correlated with antibody response,[@B39][@B40][@B41][@B42] which differs among strains.[@B43] It seems that the responsiveness is affected more by previous exposure to seasonal influenza vaccination than by pre-existing HI titer.[@B41] Pre-vaccination history was not assessed in this phase I study. Thus, correlations between immune response and previous vaccination or pre-existing HI titer should be investigated in further clinical trials. Over 50% (91 volunteers) of the total volunteers in this study were excluded because of high pre-existing HI titers.

Adverse reactions from inactivated split influenza vaccines may differ according to the chemical agents used for inactivation and splitting of viruses, type of detergent, degree of splitting, neuraminidase concentration, endotoxins, and contaminants. [@B44][@B45][@B46][@B47] In a meta-analysis of about 30 studies on inactivated split influenza vaccines, Beyer, et al.[@B48] reported that severe adverse reactions were very rare. In the present study, a total of 51 adverse events that could have been causally related to the study vaccine occurred in 29 subjects (65.91%). There were no severe adverse events above grade 3, and all the adverse events eventually resolved. Two subjects had abnormal vital signs and laboratory results; however, all the abnormal findings eventually returned to normal without any interventions.

In a previous clinical trial in Korean adults of an inactivated split influenza vaccine manufactured in 2008, Song, et al.[@B49] reported the occurrence rates of solicited local adverse events and solicited systemic adverse events as 61.0% and 39.8%, respectively. [@B34] The present study showed a frequency of solicited local adverse events (47.7%) lower than that observed in the previous study and a frequency of solicited systemic adverse events (36.4%) similar to that reported in the previous study. Injection site pain was most common among the solicited local adverse events, in accordance with previous reports. Fatigue was most common among the solicited systemic adverse events, although headache and myalgia have been reported as the most common adverse events in previous reports.[@B49][@B50]

In conclusion, TIV was found to be tolerable and sufficiently immunogenic in healthy subjects. However, its safety and immunogenicity should be confirmed in large-scale clinical studies.
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###### The Results of Immunogenicity
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  Variables                       A-H1N1                  A-H3N2                 B
  ------------------------------- ----------------------- ---------------------- ----------------------
  Seroprotection                                                                 
   Number (%)                     32 (74.42)              31 (72.09)             37 (86.05)
   95% CI                         61.38--87.46            58.69--85.50           75.69--96.40
  Seroconversion                                                                 
   Number (%)                     32 (74.42)              32 (74.42)             34 (79.07)
   95% CI                         61.38--87.46            61.38--87.46           66.91--91.23
  Geometric mean titer (95% CI)                                                  
   Pre-vaccination                8.95 (7.80--10.28)      8.99 (7.76--10.41)     14.39 (12.80--16.18)
   Post-vaccination               74.00 (51.62--106.08)   60.10 (39.33--91.84)   75.99 (59.58--96.93)
  Geometric mean ratio (95% CI)   8.26 (5.47--12.48)      6.69 (4.60--9.72)      5.28 (3.99--6.98)

CI, confidence interval.

###### Solicited and Unsolicited Adverse Events on Days 0--14
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  Variables                           Any adverse events   Moderate adverse events
  ----------------------------------- -------------------- -------------------------
  Solicited local adverse events                           
   Subtotal                           21 (47.73)           1 (2.27)
    Pain                              13 (29.55)           0 (0.00)
    Tenderness                        11 (25.00)           1 (2.27)
    Redness                           0 (0.00)             0 (0.00)
    Swelling                          1 (2.27)             0 (0.00)
  Solicited systemic adverse events                        
   Subtotal                           16 (36.36)           2 (4.55)
    Fever                             1 (2.27)             1 (2.27)
    Nausea/vomiting                   1 (2.27)             0 (0.00)
    Diarrhea                          1 (2.27)             0 (0.00)
    Headache                          5 (11.36)            0 (0.00)
    Fatigue                           11 (25.00)           1 (2.27)
    Myalgia                           2 (4.55)             0 (0.00)
  Unsolicited adverse events                               
   Subtotal                           5 (11.36)            2 (4.55)
    Cough                             1 (2.27)             0 (0.00)
    Sore throat                       1 (2.27)             0 (0.00)
    Rhinorrhea                        1 (2.27)             0 (0.00)
    Laceration                        1 (2.27)             1 (2.27)
    Transient amnesia                 1 (2.27)             1 (2.27)

Data are numbers (frequencies).

###### Follow Up Results of Vital Signs and Laboratory Findings on Day 1, Day 14, and Day 28 (Final Visit)
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  Variables                    Day 1          Day 14        Day 28          Range          *p* value    Abnormal cases   Causality correlation   
  ---------------------------- -------------- ------------- --------------- -------------- ------------ ---------------- ----------------------- -------------
  Vital signs                                                                                                                                    
   Temperature (℃)             36.58±0.28     36.67±0.22    36.318±0.25     36.12±0.23                  0.084            0                       
   Systolic BP (mm Hg)         123.82±9.40    115.32±8.73   120.34±9.71     121.12±7.12                 0.047            0                       
   Diastolic BP (mm Hg)        77.52±6.62     71.09±9.09    75.86±8.25      76.47±8.14                  0.411            0                       
   Pulse rate (beats/min)      82.68±9.66     73.66±9.19    76.59±11.23     78.02±11.52                 0.054            0                       
  Laboratory findings                                                                                                                            
   WBC count (×10^9^/L)        5.99±1.55                    6.26±1.71       6.07±1.54      4.0--10.0    0.737            0                       
   RBC count (×10^9^/L)        4.99±0.25                    4.96±0.25       4.93±0.28      4.0--5.0     0.078            0                       
   Hemoglobin (g/dL)           15.43±0.84                   15.31±0.83      15.31±0.84     12.0--16.0   0.205            0                       
   Hematocrit (%)              44.88±2.25                   44.27±2.23      44.43±2.29     30.0--49.0   0.089            0                       
   Platelet count (×10^9^/L)   241.16±41.14                 239.84±36.73    239.00±42.93   150--450     0.490            0                       
   BUN (mg/dL)                 12.75±3.09                   12.27±2.73      12.52±3.03     7.0--20.0    0.595            0                       
   Creatinine (mg/dL)          0.97±0.08                    1.02±0.10       0.99±0.08      0.6--1.2     0.056            0                       
   AST (U/L)                   19.66±3.52                   22.00±10.76     21.52±5.77     14--40       0.062            1                       Probable
   ALT (U/L)                   18.89±6.58                   21.52±9.89      22.20±10.91    9--45        0.056            0                       
   γ-GTP (U/L)                 28.11±18.30                  34.50±35.80     32.18±26.57    9--85        0.118            2                       Not related
   CPK (U/L)                   109.25±45.32                 120.81±79.24    121.16±78.35   26--200      0.241            1                       Probable
   LDH (U/L)                   353.61±43.93                 381.82±120.32   345.18±41.61   250--350     0.166            1                       Probable

BP, blood pressure; WBC, white blood cell; RBC, red blood cell; BUN, blood urea nitrogen; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, γ-glutamyl transpeptidase; CPK, creatine phosphokinase; LDH, lactate dehydrogenase.
